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During  pre-endurance  testing,  the  Code  E-436  engine  produced  378  observed  kW 
(506.4  BHP)  at  full  load,  at  rated  speed  of  2)500  RPM.  The  maximum  torque 
during  full  load  operation  was  1439  Nm  (1061  lb-ft)  at  2,400  RPM.  Minimum  brake 
specific  fuel  consumption  at  full  load  occurred  at  2,200  RPM  and  was  217  g/KWH 
(0.356  lb/BHP-HR). 

After  the  NATO  Endurance  Test  the  engine  produced  375.1  observed  kW  (503.0 
BHP)  at  full  load  and  rated  speed.  The  maximum  torque  was  1423.8 Nm  (1050 
lb-ft)  at  2400  RPM. 
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Five  out  of  eight  pistons  developed  cracks  in  the  pin  bores. 

Though  the  engine  completed  the  endurance  test  (400  hours)  and  was  operated 
for  a  total  of  582  hours,  the  engine  is  considered  as  having  failed  the 
400-hour  NATO  test  due  to  piston  failure. 
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1.0.  INTRODUCTION 


TACOM  started  an  engineering  program  in  1975  at  the  Propulsion  Systems 
Laboratory  for  Military  Adaptation  of  Commercial  Items.  The  program's  objec¬ 
tives  are  selection  and  simulated  field  test  evaluation  of  current  advanced 
technology  engines  to  replace  or  update  military  engines  in  current  vehicle 
programs . 

2.0.  OBJECTIVE 

The  test  objective  is  to  determine  full-  and  part-load  performance  charac¬ 
teristics  and  engine  durability  through  the  standard  400-hour  NATO  Test  program 
(AEP-5  dated  June  1980)  using  fuel  with  high  sulfur  content  (1.05  percent). 

3.0.  CONCLUSIONS 

The  engine  performed  satisfactorily  over  the  full  range  of  test  speeds,  both  at 
full  and  part  loads,  and  throughout  the  400-hour  endurance  test.  The  engine 
also  met  manufacturer's  listed  performance  values  of  power,  torque,  fuel  eco¬ 
nomy,  and  heat  rejection.  The  engine  was  operated  for  a  total  of  582  hours. 

Although  the  engine  performed  satisfactorily  and  met  the  performance  require¬ 
ments,  it  did  not  meet  durability  requirements  and  therefore  failed  to  pass  the 
400-hour  NATO  Test.  Failure  to  pass  the  NATO  Test  was  based  on  condition  of  the 
pistons  at  endurance  test  conclusion;  five  of  the  eight  pistons  had  developed 
serious  cracks  in  piston  pin  bores. 

4.0.  RECOMMENDATIONS 

Further  piston  durabilty  improvements  would  appear  obtainable  through  the 
following : 

o  Material  improvement; 
o  Change  of  fabrication  methods; 
o  Improved  piston  cooling; 

o  Piston  reinforcement  or  addition  of  another  reinforcement  material 
(insert); 

o  Heat  bridges  added  or  other  stress  relieving  methods  applied. 

5.0.  ENGINE  SPECIFICATIONS 
5.1.  Test  Material. 


5.1.1.  Engine 

o  Code:  E-436 
o  Model:  VTA-903T 
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o  Maximum  Output  §  500  ft  and  85°F  (152m  &  29°C)  -  BHP  (kW):  500  (373) 

o  Speed  @  Maximum  Output  -  RPM:  2,600 
o  Type:  Compression  Ign;  4  cycle;  90°  Vee;  8  Cylinder 
o  Aspiration:  Turbocharged  &  Aftercooled 
o  Bore-in  (mm)  x  Stroke-in.  (mm):  5.5  (140)  x  4.75  (121) 

o  Displacement  -  in3  (litres):  903  (14.8) 
o  Compression  Ration:  15.5:1 

o  Dry  Weight  (with  Standard  Accessories)  -  lb,  (kg):  2,450  (1,110) 

o  Piston  Cooling:  Drilled  Rods 

5.1.2.  Lubricating  Oil:  Grade  30,  MIL-L-2104-C 

Referee  Grade:  30 

Imperial  Oil  Co. 

(APPENDIX  E) 

5.1.3.  Fuel:  MIL-F-46162B  (ME)  (14  Aug  81) 

0.95-1.05  percent  Sulfur  by  Weight 
(APPENDIX  B) 

5.2.  Test  Equipment.  Controls  equipment,  and  associated  instrumentation  of 
cell  no.'  2,  Building  212  TACOM. 

5.3.  Test  Procedure. 

5.3.1.  Propulsion  Systems  Division  Test  Program:  Engine  Operating  Limits  and 
Adjustments.  (APPENDIX  A) 

5.3.2.  NATO  Test  Specification:  Allied  Engineer  Publication  (AEP-5)  June  1980, 
NATO  Standard  Engine  Laboratory  Test  for  Gas  Turbine  Engines  and  Diesel  and 
Gasoline  Engines.  (APPENDIX  D)_ 

6.0.  RESULTS  AND  DISCUSSION 

6.1.  Pre-endurance  Test  Performance  Evaluation. 

6.1.1.  Full-load  Performance.  All  data  are  presented  as  observed  without 
corrections.  The  engine  developed  378  observed  kW  (506.4  BHP)  at' its  rated 
speed  of  2,600  RPM.  Peak  torque  was  1,439  N-m.  (1,061  lb-ft)  at  2,400  RPM. 
Performance  details  are  presented  in  Figures  1  and  2  and  Table  1 . 

6.1.2.  Part-load  Peformance.  The  minimum  observed  brake  specific  fuel  consump¬ 
tion  wa3  215  g/kW-hr  (0.354  lb/HP-hr)  at  1,900  RPM,  at  85  percent  load. 

8 .2 .  Performance  and  Endurance  Evaluation  During  NATO  Test. 

6.2.1.  Full-load  Performance  After  100  Hours.  The  engine  developed  377.2  kW 
(505.9  BHP)  at  2,600  RPM.  The  maximum  torque  occurred  at  2,400  RPM  and  was  1,443 
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N-m.  ( 1 , 064  lb-ft) .  Performance  details  are  presented  in  Figures  3  and  4  and 
Table  2. 

6.2.2.  Full-load  Performance  After  200  Hours.  The  engine  developed  377.2  kW 
(505.9  BHP)  at  2,600  RPM.  The  maximum  torque  occurred  at  2,400  RPM  and  was 
1,441.4  N-m.  (1063  lb-ft).  Peformance  details  are  presented  in  Figures  5  and  6 
and  Table  3. 

6.2.3.  Full-load  Performance  After  300  Hours.  The  engine  developed  376.6  kW 
(505  BHP)  at  2,600  RPM.  The  maximum  torque  occurred  at  2,400  RPM  and  was 
1,430.6  N-m.  (1055  lb-ft).  Performance  details  are  presented  in  Figures  7  and  8 
and  Table  4. 

6.2.4.  Full-load  Performance  After  400  Hours.  The  engine  developed  375.1  kW 
(503  BHP)  at  2,600  RPM.  The  maximum  torque  value  was  1,423.8  N-m.  (1050  lb-ft) 
at  2,400  RPM.  Performance  details  are  presented  in  Figures  9  and  10  and  Table 
5. 

6.2.5.  Endurance  Test  (400  Hours).  Although  the  engine  completed  the  endurance 
test  (400  hours)  and  was  operated  for  a  total  of  582  hours,  the  engine  failed  the 
NATO  Test. 

6.2.6.  Visual  and  Dimensional  Inspection  of  Major  Engine  Components  Following 
Endurance.  At  completion  of  the  test,  the  engine  was  completely  disassembled, 
and  cleaned  and  all  critical  parts  were  visually  examined,  dimensionally 
checked,  and  photographed.  Visual  inspection  and  measurements  revealed  that 
virtually  all  components  were  in  excellent  condition.  The  engine  components  and 
t'heir  condition  are  described  as  follows  (see  APPENDIX  F  for  photographs  and 
APPENDIX  G  for  Dimensional  Inspection  Sheets): 

o  Pistons  -  Pistons  and  rings  showed  no  evidence  of  scoring.  Rings  had  no 
breakage  and  were  free  to  move  in  the  ring  grooves.  Ring  grooves  were  still 
tight.  Piston  skirts  were  clean  -  no  signs  of  varnishing.  Varnish  was  only 
evident  on  the  bottom  side  of  the  piston  heads  where  cooling  oil  made  contact. 

Although  the  outward  appearance  of  the  pistons  was  good,  six  pistons  showed  signs 
of  severe  stress.  Cracks  had  developed  in  the  piston  pin  bosses  in  the  upper 
half  of  the  wrist  pin  bores.  Piston  numbers  1  and  8  did  not  show  signs  of 
cracking.  Carbon  buildup  on  pistons  and  top  lands  was  light. 

o  Piston  Pin  -  No  visual  wear. 

0  Cylinders  -  Good  appearance  with  only  minimal  wear  indicated, 
o  Crankshaft  Main  Journals  -  Very  good  condition, 
o  Crankshaft  Rod  Journals  -  Very  good  condition. 

o  Main  and  Rod  Bearings  -  No  scratching  and  no  overlay  breakthrough. 

0  Cylinder  Head  Intake  and  Exhaust  Valve  Seats  -  Very  good  condition, 
o  Intake  and  Exhaust  Valve  Faces  -  Good  condition, 
o  Camshaft  -  Lobes  and  bearing  surfaces  were  in  excellent  condition. 
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o  Gears  -  Crankshaft,  Camshaft,  Oil  Pump  Drive  and  Injection  Pump  Drive- 
good  condition  with  no  scratching  or  scoring. 

o  Oil  Pump  Pickup  Tube  -  Broken  at  the  bottom  end  near  the  pan  -  did  not 
prevent  oil  pickup. 

o  Engine  Torsional  Vibration  Damper  -  Showed  signs  of  fatique  failure  - 
some  of  the  elastomer  worked  loose. 

6.2.7.  Engine  Oil  Consumption.  Oil  consumption  during  the  test  was  recorded  by 
using  the  method  of  adding  oil  to  the  engine  as  required  before  engine  start-up. 
Oil  consumption  was  light.  Results  are  shown  in  Table  6. 

6.2.8.  Oil  Spectrographic  Analysis.  Oil  samples  were  taken  at  25-hour  inter¬ 
vals  and  forwarded  to  the  Petroleum  Field  Office  East,  New  Cumberland, 
Pennsylvania.  Report  findings  met  NATO  requirements  as  shown  in  APPENDIX  E. 

(Oil  sampling  analysis  was  started  at  126.5  hours). 

6.2.9.  Full-load  Heat  Rejection.  Maximum  full-load  Brake  Specific  Heat 
Rejection  measured  0.585  W/W  (24.8  BTU/BHP-MIN)  at  rated  speed,  2,600  RPM.  The 
total  heat  rejected  was  217.3  kW  (12,356  BTU/MIN).  Full-load  heat  rejection 
characteristics  are  shown  in  Figures  11  and  12. 

6.2.10.  Neither  Smoke  Readings  nor  Full-load  Air  Flow  Were  Measured.  However, 
some  data  from  a  previously  tested  engine  of  the  same  model  have  been  added  to 
this  report  for  general  informational  purposes.  These  data  are  shown  in  Figure 
13  and  Table  7. 

6.2.11.  Fuel  Map  -  Data  are  shown  in  Figure  14. 

6.2.12.  Performance  D ata  Sheets  Required  by  NATO  Specifications.  Data  are 
shown  in  APPENDIX  H. 
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SUPPLEMENTARY  NOTE:  THE  ILLUSTRATION  AND  TABLES  IN  PAGES  16  THROUGH  33 


ARE  ARRANGED  IN  THE  FOLLOWING  FORMAT: 

ILLUSTRATION'  (METRIC  UNITS) 

ILLUSTRATION  (ENGLISH  UNITS) 

TABLE  (ENGLISH  AND  METRIC  UNTIS) 

ILLUSTRATIONS  HAVE  DUPLICATE  TITLES  BUT  DO  NOT  PRESENT  DUPLICATE  VALUES. 
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OBS .  BSFC  ( g/kW'li)  OBSERVED  TORQUE  (N_1 
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OBSERVED  FQW1R  (kW) 


OBS .  BSFC  ( LB/BHP-fift )  086ERVED  TORQUE  (LB-FT) 
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OBS.BSFC(g/kWh1)  OBSERVED  TORQUE-  (N- 
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OBSERVED  POWER  (kW) 
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OBSERVED  POWER  (HP) 
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Dry  Air  Barometer:  ^9.43  _in.  Hg  (99.6  kPa) 
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OBSERVED  POWER  (kW) 


OBS.BSFC(LB/BHPs-HR)1  OBSERVED  TORQUE  (LB-FT) 
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OBSERVED  POWER  (HP) 
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TABLE  4 
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Oil  Consumption  During  Endurance 


Engine  Test 
Hours 

Quantity  Oil 
Added  (lb  ) 

Cumulative 
Consumption  (lb  ) 

0 

0 

SUMP  FULL 

7.5 

3.6 

3.6 

14.0 

1.8 

5.4 

27.5 

1.8 

7.2 

40.0 

1.8 

9.0 

47.5 

1.8 

10.8 

54.0 

3.6 

14.4 

60.5 

1.8 

16.2 

80.5 

1.8 

18.0 

87.5 

1.8 

19.8 

100. 

0 

19.8 

140.5 

1.8 

21.6 

154.0 

2.1 

23.7 

160.0 

1.8 

•  25.5 

174.0 

2.5- 

28.0  . 

187.0 

1.8 

29.8 

200.0 

0 

29.8 

230.0 

3.6 

33.4 

260.0 

1.4 

34.8 

287.0 

2.0 

36.8 

300.0 

0 

36.8 

307.0 

1.5 

38.3 

314.0 

1 

39.3 

334.0 

1.9 

41.2 

354.0 

.5 

41 .7 

370.0 

1.2 

42.9 

380.0 

.5 

43.4 

400. 

0 

43.4 

TABLE  6 
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TOTAL  HEAT  REJECTION  (kW>  '  SPECIFIC  HEAT.  REJECTION  W/W 
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OBSERVED  POWER  (kW) 
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OBSERVED  POWER  (HP) 


FULL  POWER  INLET  AIR  FLOW 

NOTE:  (These  values  not  from  engine  tested  but  from  an  engine 
of  the  same  model  and  are  submitted  as  general  information) 


AIR  FLOW  UNITS.  STANDARD  CUBIC  METRES  PER  HOUR 
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NOTE:  (These  values  not  from  engine  tested  but  from  an-.. engine  of  the 
same  model  and  are  submitted  as  general  information) 


SPEED 

ENDURANCE  HOURS 

RPM 

0  HOURS 

100  HOURS 

200  HOURS 

2,600 

« 

‘1.4 

*’  1.85 

1.65 

2,400 

1.05 

1.5 

1.35 

2,200 

1.1 

1.45 

1.55  . 

2,000 

1.35 

2.0 

1.3 

1,800 

3.25 

3.8 

3.8 

1,600 

3.25 

3.8 

3.8 

TABLE  7,  BOSCH  SMOKE  READINGS 


MPEII  NO 

POWER  no 
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APPENDIX  A  -  TEST  PROGRAM 
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PROPULSION  SYSTEMS  DIVISION  ■ 

TEST  PROGRAM  CODE  E-436  ENGINE 

(Cell  #6) 

TITLE:  MACI  Evaluation  of  the  Code  E-43&  Engine 
PURPOSE: 

.To  determine  the  military  adaptability  and  performance  characteristics  of 
Code  E-43&  Commercial  Diesel  Engine# 

OUTLINE  OF  TESTS: 

1#  Prepare  Code  E-436  engine  for  performance  and  endurance  tests. 

2.  Install  instrumentation# 

3*  Calibration  of  instrumentation  and  equipment# 

Engine  operating  limits,  adjustments  and  instrumentation  checkout. 

5*  Engine  instrumentation  and  full  load  operational  check-out# 

6#  Full  load  performance# 

7*  Part  load  performance# 

8#  Full  load  heat  rejection# 

9.  Four  hundred  hour  NATO  endurance  test. 

10#  Disassembly,  visual  inspection  and  components  measurement  of  engine  (may 
be  conducted  in-house  and/or  contractor's  facility)# 

11 •  Evaluation  of  results  and  final  report# 


TEST  MATERIAL: 


1*  Engine  Code  E-436 
•fype 

Number  of  cylinders 
Bore  and  stroke,  in. 
Displacement  -  cu*  in, 
Method  of  operation 

Compression  ratio 


90°VEE,  500  HP  0  2600  rptn 
8 

5.50x4.75 

903 

4  cycle  turbocharged,  after 
cooled  compression  ignition 

15.5  to  1 


2.  Lubricating  oil  -  Referee,  grade  30,  conforming  to  Military  Specifica¬ 
tion  MHr-L-2104C. 

3*  Fuel  -  Federal  Specification  MIL-F-46162B  (high  sulfur). 

TEST  BQUIR-ISOTs 

Test  Cell  No  6,  dynamometer,  controls,  associated  instrumentation  and 
equipment,  Bldg.  212. 

TEST  PROCEDURES: 

1*  Prepare  engine  for  performance  tests. 

a.  Install  engine  in  test  cell  and  make  connections  to  dynamometer. 
Obtain  dry  weight  of  engine  and  record.  .  Make  necessary  fuel,  exhaust,  and 
intake  air  connections.  Install  cooling  tower  and  fuel  throttle  and  shut-, 
down  connection.  Make  provisions  for  smoke  readings  and  measuring  air  flow. 

b.  Install  all  required  thermocouples,  pressure  lines,  speed  and 
load  cell  connections.  Install  warning/ shutdown  lights  for  critical  temper¬ 
ature/pressure  and  RPM  limits  on  engine  and  dynamometer  equipment. 

c.  During  heat  rejection  tests,  normal  type  cooling  tower  will  be 

installed.  Thermostat  is  required  to  be  blocked  in  open  position  during 
test  to  assure  accurate  results.  An  engine  thermostat  (180°  ?)  will  be  used. 
.The  cooling  tower  will  be  adjusted  to  maintain  205°  F  +  5°  engine  out  temp¬ 
erature.  -  - -  *” 

d.  Engine  blow-by  and/or  crankcase  pressure  will  be  closely  monitored 
during  full  power  performance  run  to  assure  adequate  engine  operation.  In 
addition  engine  oil  temperature  and  pressure  will  be  closely  monitored. 


A  ^3 


e.  Cooling  tower  will  utilize  a  sight  class  in  the  lower  pipe  (engine 
filled  with  a  50/50  water  and  antifreeze  mixture.  A  15  psi  pressure  cap  will 
be  used  and  shop  air,  through  a  regulator,  will  supply  approximately  12  psi 
pressure  to  the  cooling  system. 

2.  Instrumentation  -  Install  instrumentation  to  obtain  and  record  data  at 
each  specified  speed. 


a.  Temperature ,°  F 

Ranse 

Accuracy 

(1) 

Air,  cell  ambient  (L&R) 

60-120 

±  2 

(2) 

Air  entrance  ‘to  air  meter 

60-120 

±  2 

(3) 

Air  turbo  inlet  after  air  cleaner 

60-120 

+  2 

(4) 

Air,  turbo  outlet  (to  aftercooler, 

ML) 

120-500 

+  2 

(5) 

Exhaust,  after  turbo 

200-1200 

+10 

(6) 

Exhaust,  before  turbo  (L&R) 

200-1400 

+10 

(?) 

Exhaust,  ports  (8) 

200-1500 

+10 

(8) 

Oil  sump 

120-300 

+  2 

(9) 

Fuel,  before  transfer  pump 

60-120 

+  2 

(10) 

Fuel  Spill 

60— 160 

+  2 

(11) 

Coolant,  engine  inlet  ** 

120-250 

+  2 

(12) 

Coolant,  engine  outlet  ** 

120-250 

+  2 

(13) 

Combustion  air  at  meter  (Meriam 
flow  meter) 

30-160 

+  2 

(14) 

Cooling  water,  tower  inlet  * 

35-100 

(15) 

Cooling  water,  tower  outlet  * 

35-250 

(16) 

Engine  oil  gallery  (manifold) 

60-270- 

(17) 

Instrumentation  bath 

200 

+  2 

Indicates  Quartz  '.enperature  Probes 

Indicates  Quartz  temperature  Probes  in  addition  to  regular  thermocouple 
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0  to  -1 


b.  Pressures.  Gauge 

(1)  Air,  Test  cell  (in.  HgO) 

(2)  Air,  before  turbo  (in.  H20)-S 

(3)  Air,  after  turbo  (in.  hg) 

(4)  Air  across  Meriam  flow  meter 
(in.  H20) 

(5)  Air  at  Meriam  flow  meter  center 
(in.  HgO) 

(6)  Air  crankcase  (in.  H20) 

(7)  Exhaust ,  before  turbo  (in.  hg) 
Left  &  Right 

(8)  Exhaust,  outlet  (in.  H20)-S 

(9)  Fuel  supply  before  transfer  pump 
(psi)  at  primary  filter 

(10)  Fuel  supply  after  transfer  pump 
(psi)  at  secondary  filter 

(11)  Engine  oil  gallery  (psi) 

(12)  Coolant  pump  outlet  (psi) 

(13)  Coolant  pump  inlet  (psi) 

c.  Miscellaneous 

(1)  Engine  speed,  (RFM) 

(2)  Itynaraometer  load,  (ft-lb) 

(3)  Fuel  flow  (lb/hr) 

(4)  Blowby  (CFM) 

(5)  Smoke  Density,  Bosch  meter 


0  to  -25 


0  to  +60 
0  to  -28 


0  to  -20 

-5  to  +5 
0  to  +60 

0  to  +50 
0  to  -5 

0  to  +70 

0  to  +100 
0  to  +50 

0  to  +25 

0  -  3000 
0  -  2000 
200 
0-10 
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Accuracy 
±•1 
+  1 
+.2 
±•1 

±•05 

+.1 

+.5 

4>1 

±  1 

+  2 
+  2 
+  1 

±  5 
±  1 
+.1 
+.2 


Special  Instruction  Considerations 

(1)  Dymec  data  acquisition  system  to  be  used  for  data  gathering* 

(2)  Quartz  Thermometers  to  be  used  for  heat  rejection  test* 

(3)  Load  cell  to  be  used  for  measuring  torque. 

(4)  Digital  Cox  fuel  weigh  system  to  be  used  for  measuring  fuel  consumption. 

(5)  Cooling  water  weigh  system  0200  lbs. 

(6)  Snoke  density,  Bosch  system, 

(7)  Blowby  meter  for  measuring  engine  blowby. 

(8)  Temperature  reference  bath  (Maintain  at  200°  F). 

(9)  Meriam  air  flow  meter. 


Temperature  _  Pressure 

(1)  Ambient  air  (L&R)  (l)  Oil  Gallery 

(2)  Air  after  turbo  (2)  Air  after  turbo 

(3)  Oil  gallery  (3)  Fuel  after  pump 

(4)  Fuel  before  pump  (4)  Exhaust  back  pressure 

(5)  Engine  coolant  in 

(6)  Engine  coolant  out 


3#  Calibration  of  instrumentation  and  eouirment. 

All  instrumentation  and  equipment  will  be  calibrated  prior  to  start  of 
test  and  at  ranges  specified  in  the  previous  paragraph  2# 

4#  Engine  operating  limits  and  adjustments. 

a./  Observe  the  following  engine  operating  limits  and  test  conditions 
for  performance  and  endurance  tests. 

(1)  Oil  Gallery  temperature,  250°  F  warning,  260°  F  manual  return 
to  idle  and  contact  test  engineer. 

(2)  Oil  pressure  idle  15  PSI  warning,  10  PSI  shutdown.  Oil  pres¬ 
sure  normal  operation  45  to  65  PSI  above  1000  RPM,  30  PSI  shutdown. 

(3)  Air  cell  Ambient  as  close  as  possible  to  77°  F. 

(4)  Coolant  outlet  temperature  205  +  5°  F,  warning  210°  F,  manual 
return  to  idle  at  215°  F.  Cooling  system  will  be”pressurized  to  12  PSI# 

(5)  Fuel  temperature  before  pump:  85  +  5°  F. 

(6)  Exhaust  outlet  pressure  at  rated  conditions  16  in.  HgO  +  3* 

(7)  Crankcase  pressure  maximum  5  in.  H^O. 

(8)  Nominal  fuel  flow  200  Ib/hr  at  2600  RFM# 

(9)  Exhaust  temperature  into  turbo,  1080°  F  maximum# 

b#/  Maintain  and  record  the  following  adjustments  at  completion  of  each 

100  hour  interval  of  endurance  test  or  as  indicated#  Contact  test  engineer  prior 
to  any  adjustment. 

(1)  Idle  speed  650  RPM# 

(2)  Governed  speed  (no  load)  2960  RIM# 

(3)  Max  torque  1030  ft-lb  ©  1900  RPM. 

(4)  Pull  load  2600  RPM# 
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5»  Engine  Instrumentation  and  Full  load  Operational  Check-Out 


a*  Engine  will  be  run  to  check  leaks,  instrumentation,  recording  and 
printout  systems.  The  following  temperatures  and  pressures  will  be  maintained: 

(1)  Inlet  air  (maintain  as  close  as  possible  to  77°  F) 

(2)  Air  pressure  at  turbocharger  inlet  at  rated  conditions, 

-5  +  1  in.  1^0. 

(3)  Exhaust  pressure  at  turbo  outlet  at  rated  conditions, 

16+3  in.  K20. 

(4)  Coolant  outlet  temperature  205  +  5°  F 

(5)  Fuel  temperature  before  pump  85  +  5°  F 

Speeds  will  be  verified  after  break-in. 

b.  Full  load  operational  check  will  be  conducted  according  to  the  follow¬ 
ing  schedule.  During  break— in  monitor  blowby  in  CFM  and/or  pressure.  Do  not 
continue  test  if  blowby  exceeds  allowed  maximum.  Take  complete  data  and  record  on 
log  sheet  for  each  break-in  period.  Repeat  the  cycle  down  and  up.*- 


Period  No. 

Time.  Minutes 

Engine.  RPM 

Observed 

1 

10 

650  (Idle) 

m  — 

2 

10 

1200 

50 

3 

10 

1400 

100 

4 

10 

1600 

150 

5 

10 

1700 

200 

6 

10 

1900 

250 

7 

20 

2100 

300 

8 

20 

2200 

350 

9 

20 

2400 

400 

10 

20 

2500 

450 

11 

20 

2600 

500 

12 

20 

—  - 

-  - 

z.n 
375 
-f  V  3 
:  /  i 

i?  1/ 
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X  Repeat  this  cycle  in  a  reverse  order  using  same  RFM  and  power  values. 

c.  During  period  5  or  following  period  7»  check  governor  and  notify  test 
engineer  prior  to  making  adjustments,  to  limit  the  maximum  speeds  as  follows: 


Full  load  2600  RFM 

No  load  (Governed  Speed)  2960  RFM 


e.  During  period  No*  11  the  following  limits  must  prevail*  • 


(1) 

Oil  gallery  pressure 

30  to  55  PSI 

(2) 

Exhaust  temperature  into 
turbo 

1080°  F  max. 

(3) 

Crankcase  pressure  (iiuH^O)  . 

5 

(4) 

Power  output  at  rated 

500  +  35?  at  85°F  air  inlet, 
29*38  in»HG  Barometer  dry 

Performance  Test  (Nominal  500  EH?) 

Conduct  performance  tests  with  full  rack,  under  the  conditions  listed 
in  paragraph  4*  He cord  all  data  listed  under  instrumentation  for  engine  speeds 
of  1400  RPM  to  2600  RFM  at  200  RPM  increments*  At  each  setting  the  engine  should 
be  run  for  a  sufficient  time  for  stabilization*  Additional  tests  (mart  load  per¬ 
formance  and  heat  rejection)  will  be  conducted  at  completion  of  durability  test* 

7*  Part  Load  Performance  Test  (Nominal  500  BHP) 

Conduct  part  load  performance  tests  at  85,  70,  60,  50,  40,  25  and  15 
percent  loads  using  speeds  of  1400  RFM  to  2600  RPM  in  100  RFM  increments.  Para¬ 
graph  5  conditions  vri.ll  be  maintained  during  runs*  One  hundred  percent  loads 
will  be  determined  just  prior  to  part  load  testing.  Perform  an  idle  fuel  con¬ 
sumption  test  run  with  complete  printout  at  the  end  of  part  load  performance 
tests* 

8*  Heat  Rejection  Test s( Perform  at  Completion  of  Durability  Test) 

Determine  heat  rejection  at  full  load,  205  +  5°  P,  engine  coolant  out 
temperature  at  the  following  speeds;  1400  FJM  to  2600  PPM  in  200  RPM  increments. 
Remaining  conditions  as  specified  in  paragraph  4*  (Engine  operating  limits  and 
adjustments). 

9*  *  Four  Hundred  (400)  Hour  NATO  Endurance  Test 

a*  The  400  hour  NATO  endurance  will  be  divided  into  four  periods  of 
100  hours  each.  Each  100  hour  period  is  to  consist  of  ten  (10),  ten  hour 
periods  as  shown  in  test  Schedule  A.  (New  NATO  cycle)* 
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TEST  SCHEDULE  A 


Period  Percent  Rated  Speed  Percent  Load  ( LB /FT )  Time  Hours 


1 

Idle  (650  RPM) 

0 

1/2 

2 

100  (2600  RPM) 

100 

(1010) 

2 

3 

Governed  Speed  (2960  RPM) 

0 

l/2 

4 

75  (1950  RPM) 

100 

1 

5 

Idle  «-►  100 

0  <->100 

4  Min.  6  Min. 

- 

2 

6 

60  (1560  RPM)  — 

100 

i/2 

7 

Idle  (650  RPM) 

0 

1/2 

8 

Governed  Speed  (2$60  RPM) 

70 

(707) 

1/2 

9 

Max  Torque  Speed  (1900  RPM) 

100 

2 

10 

60  (1560  RPM) 

50 

(505) 

J A. 

TOTAL  DURATION 

10 

Conduct  400  hour  NATO  endurance  test  according  to  Test  Schedule  A. 
Values  of  speeds  and  torques  to  be  provided  by  test  engineer  following  comple¬ 
tion  of  performance  test* 

b*  During  400  hour  endurance,  the  following  pressures  and  temperatures 
will  be  regulated  to  the  values  as  indicated. 

(1)  Pressures 

(a)  Air  presure  at  turbocharger  inlet  shall  be  set  -5+1 
(in.  H20)  at  rated  conditions  and  restriction  held 

throughout  other  tests. 

(b)  Exhaust  outlet  pressure  at  full  power  through  speed 
range,  13-19  inches  H„0:  at  idle  and  part  load,  0-13 
inches  of  H20. 

(2)  Temperatures 

(a)  Inlet  air  to  turbocharger  as  close  as  possible  to  77°  F. 

(b)  Coolant  outlet  temperature  205  +  5°  F. 

(c)  Fuel  before  secondary  filter  85  +  5°  F. 

c.  Take  four  ounce  oil  sample  before  starting  endurance  and  every  100 
hours  thereafter,  take  two  ounce  oil  sample  at  25  hour  intervals.  (Purge  oil 
sample  line  and  take  sample  from  oil  gallery  with  engine  idling).  Replace  the 
removed  sample  oil  with  same  amount  and  type  new  one. 
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d.  Check  engine  oil  at  completion  of  every  five  hour  test  period  or 

before  engine  is  started  for  a  new  .day  of  test,  (whichever  occurs  first).  Allow 
time  for  oil  to  settle  before  reaching  full  mark,  bo  not  overfill. 


e.  Data  will  be  recorded  during  the  last  five  minutes  of  each  of  the 
ten  periods  listed  in  Test  Schedule  A,  and  Just  before  stopping  engine. 


f.  The  following  maintenance  and  adjustments  to  engine  will  be 
conducted  after  each  100  hour  test  period,  and  before  power  check.  Check  with 
test  engineer. 

(1)  Change  oil 

(2)  Replace  oil  and  fuel  filters 

(3)  Record  oil  added  (less  sample)  to  bring  to  required  level 

(4)  Maintain  adjustments  as  indicated  on  page  A'-  5 . 

(5)  Visually  inspect  engine  for  leaks,  breaks,  etc. 

g.  The  100  hour  power  check  tests  shall  be  conducted  under  temperature 
and  pressure  conditions  listed.  Record  all  data  listed  under  "Instrumentation" 
for  engine  speeds  from  1400  RPM  to  2600  RPM  in  200  RRd  increments,  up  only.  At 
each  setting,  the  engine  should  be  run  for  a  sufficient  time  for  stabilization. 
In  addition,  smoke  density  samples  will  be  taken  at  each  speed  setting. 


10.  Obtain  photographs  of  engine,  test  set  up. 

11.  Disassembly  and  Visual'  Inspection  of  Engine.  Record  breaking  torques  of 
cylinder  head,  crankshaft,  and  connecting  rod  bolts  and  photograph  parts  if  required 
during  disassembly.  Hake  components  wear  measurement. 

12.  Evaluation  of  Results  and  Report. 

a.  Consolidate  and  evaluate  data. 

1 . 

b.  Prepare  report. 

c.  Obtain  photographs  of  set  up  and  engine  parts  as  required. 
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JOB  AS3Itsg-Sn?5: 


1,  DRSTA-TB  will  be  responsible  for  gathering  data,  maintaining  a  daily 
log  book,  and.  test  data  log,  directing  personnel  and  general  execution  of  test* 

2«  BRSTA-RGES  will  be  responsible  for  day  to  day  technical  decisions, 
monitoring  test,  evaluation  of  data,  and  preparing  a  report. 

3.  Any  changes  in  the  above  test  program  shall  be  mutually  agreed  upon 
by  DRSTA— T3  and  ERSTA-RGES  and  confirmed  by  a  supplement  to  this  basic  test 
program.  Each  supplement  will  be  evaluated  for  potential  cost  and  for  schedule 
revisions. 


WRITTEN  BT:  - 

JL  ***■'"- 

F.  Rostam-Abddi  Exu  48537 
Project/Test  ’Engineer 


REVIEWED  AID  APPROVED  Bit 


Roy  J  •  G.  Rimpela  Ext/  435 23 
Team  Leader/Sngine  Testing 


APPENDIX  B  -  FUEL  AN  ACTS  IS 
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ANALYSES  OF  REFEREE  GRADE  DIESEL  FUEL 
(MIL-F-46162B)  SAMPLES 

i 

#6  Tank 


Properties 

Requirements 

AL-12077- 

Density,  kg/L  at  15°C 

Report 

0.8655 

Gravity,  °API 

NR  (1) 

31.9 

Distillation,  °F  (cC) 

Initial  boiling  point 

Report 

380  (193) 

10%  recovered 

Report 

446  (230) 

50%  recovered 

473-545  (245-285) 

514  (268) 

90%  recovered 

626-675  (330-357) 

616  (324) 

95%  recovered 

662-707  (350-375) 

646  (341) 

End  point,  max 

725  (385)  max 

678  (359) 

Sulfur,  wt% 

0.95-1.05 

1.05 

Accelerated  stability. 

total  insolubles,  mg/ 100  mL 

1.5  max 

1.4 

Cetane  number 

40-45. 

54  . 

Cetane  index 

40-45 

42 

Kinematic  viscosity  at 

40°C,  cSt 

1.9-4. 1 

— 

Cloud  point,  °C 

-13  max 

— 

Particulate  contamination. 

mg/L  (0.8pm  filter) 

10  max 

2.5 

Volume  filtered,  L 

1 

1 

(1)  NR  *  No  requirement 

(2)  —  =  Not  measured 
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APPENDIX  C  -  SAKPI2  DATA  SHEET 


lo2  COOLAMT  PUMP  OUT 

.w  -  _ _ _  i..-r  Miam  I  fcl 


i 


v 


* 
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NATO  STANDARD  ENGINE  LABORATORY  TEST 


(GAS  TURBINES  ENGINES) 


AEP-5 

EDITION  JUNE  80 


NATO  UNCLASSIFIED 
D-2 
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CHAPTER  1 


PURPOSE  AND  APPLICABILITY 


SECTION  1-1, 


PURPOSE 


The  purpose  of  this  document  is  to  define  a  test  method  and  , 
standard  conditions  toenable  all  NATO  countries  to  conduct  tests  using 
an  identical  method  or  to  analyse  the  tests  conducted  in  the  laboratories 
of  other  NATO'  countries  on  the  basis  of  this  method. 

The  method  described  below  is  independent  of  existing  national 
test  methods,  which  may  be  used  for  supplementary  testing.  _  ;■ 

"When  an  engine  has  met  the  requirements  of  the  tests  under  the 
present  code,  its  power  rating  should  be  indicated  as  follows:  "Power 
rating.  .  .Kw  (.  .  .metric  HP)  at.  .  .RPM,  in  accordance  with  NATO  code 
AEP  5 .  Edition  June  1 980.9 


SECTION 
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/APPLICABILITY 


These  test  conditions  apply  to  all  service  vehicle  (combat  and 
transport)  propulsion  gas  turbine  engines  with  free  power  turbines. 

NOTE  :  SI  units  will  be  used. 


CHAPTER  2 
TEST  REQUIREMENTS 

V 

SECTION  2-1  -  GENERAL  COMPOSITION  AND  ORDER  OF  TEST 

2.1.1.  Engine  reception. 

••  • 

Running-in  in  accordance  with  manufacturer's  instructions. 

Performance  test,  complete  (full  and  part  loads). 

Endurance  test. 

Performance  test,  complete  (full  and  part  loads). 

Disassembly,  inspection  and  measurement. 

Report. 

NOTES  :  (1)  Engine  measurements  may  be  carried  cut  before  running-in. 

(2)  The  manufacturer  is  responsible  for  defining  the  runninp- 
in  programme. and  the  engine  should  have  been  run-in  before 
it  is  submitted  for  testing.  . 


(3)  In  so  far  as  possible,  the  manufacturer's  drawings  and 
technical  data  will  be  supplied  with  the  engine,  to  assist 
inspection  and  measurement  of  components, 

(4)  It  is  normal  practice  for  the  engine  to  be  given  a  prelimi¬ 
nary  performance  test  immediately  after  receipt,  to  check  . 
acceptability. 

(5)  The  initial,  if  accomplished,  and  final  inspection  of  the 
engine  should  be  carried  out  by  the  same  inspection  team 
using  the  same  gauges. 


2.1.2.  During  performance  and  durability  testing,  the  following  varia- 
.  bles  will  be  monitored  : 

a  -  Main  values 

Torque  (en?ine  outPut  shaft) 

b  -  Ambient  conditions 

Temperature  of  ambient  air 
Atmospheric  pressure 
Humidity 

c  -  Air  and  gases 

Inlet  air  temperature 
Inlet  depression 

Inlet  air  flow  (performance  test  only) 

Exhaust  temperature 
Exhaust  back  pressure 

Gas  temperatures  at  points  influencing  fuel  control  (if  re¬ 
quired) 

d  -  Lubrication  and  cooling 

Oil  temperatures  and  pressures 

Temperatures  into  and  out  of  external  coolers 

Flow  rates  of  fluids  to  cooling  devices  external  to  the  engine 

(for  heat  rejection  calculations) 

Oil  consumption  (during  endurance  tests  only) 

e  -  Fuel 

Fuel  temperature 
Fuel  consumption 

f  -  Miscellaneous 
Smoke  density 

Other  parameters  which  influence  fuel  control 
Vibration 


2.1.3.  Regulated  parameters 

Inlet  Air  Depression  *  at  rated  power  % 

25  +  2,5  mbar 

Exhaust  Back  Pressure  at  rated  power  : 

20  +  2,5  mbar 

Fuel  Temperature  at  Fuel  Pump  Inlet  ; 

30°  C  ♦  3“  C 

Inlet  Air  Temperature  : 

See  Section  111 

*  Depression  differential  between  static  atmospheric  air  pres¬ 
sure  and  the  total  pressure  at  the  point  of  measurement. 
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2.1.4. 


TEST  CONDITIONS 

Measuring  is  to  be  done  in  normal  and  stable  operating  condi¬ 
tions. 

The  temperature  of  the  air  entering  the  engine  (ambient  air) 

Is  to  be  measured  at  a  maximum  distance  of  0,15  m  from  the 
air  filter  inlet  or,  if -there  is  no  filter,  0,15  m  from  the  air 
inlet  nozzle.  The  thermometer  or  thermocouple  must  be  protected 
against  heat  radiation  and  be  located  directly  in  the  air  jet. 
Testing  must  be  carried  out  in  an  adequate  number  of  positions 
to  give  a  representative  inlet  temperature. 

Once  an  output  speed  has  been  selected  for  measurement  purpo¬ 
ses,  its  value  must  not  vary  by  more  than  +  1  %  or  +  10  r.p.m. 
(whichever  of  these  limits  is  the  higher)  during  measurement. 

The  readings  for  brake  load,  fuel  consumption  and  inlet  air 
temperature  are  to  be  taken  simultaneously,  the  value  recorded 
being  the  average  of  two  stabilized  results,  obtained  in  succes¬ 
sion  with  brake  load  and  fuel  consumption  differing  bv  less 
than  2  %. 

When  a  device  fitted  with  an  automatic  starting  system  is  used 
for  measuring  speed  and  fuel  consumption,  the  duration  of  mea¬ 
surement  must  be  at  least  30  seconds  ;  if  the  measuring  device 
is  manually  operated,  the  duration  must  be  at  least  60  seconds. 

The  exhaust  gas  outlet  temperature  must  be  measured  at  a  point 
downstream  and  less  than  100  mm  from  the  flange  (s)  of  the 
exhaust  manifold  (s). 

Lubricant  temperature  is  to  be  measured  at  the  inlet  and  outlet 
of  the  heat  exchanger  if  there  is  one.  Otherwise  it  must  be  tai«n 
preferably  in  the  lubrication  system.  The  measuring  point  will 
be  specified  in  the  test  report. 

Fuel  temperature  must  be  read  at  the  fuel  pump  inlet. 

Auxiliary  power  take-offs  may  be  loaded  and  measured  if  desire- 


2.1.5.  MEASUREMENT  ACCURACY 
-  TORQUE 

The  torque  must  be  accurate  within  _+  0,5  %  of  the  highest 
value  recorded.  “ 


-  OUTPUT  SPEED 

Measurement  must  be  accurate  to  within  +  0,5  %. 

-  FUEL  CONSUMPTION  •  ' 

+  1  %  for  all  apparatus  used. 
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-  TEMPERATURES 


Intake  air  +  1°C. 

-  PRESSURE 

Atmospheric  pressure  +  0,7  mbar 
Air  and  gas  pressure "+  50  mbar 

Induction  and  exhaust”pressure  and  depression^  0,250  mbar 
Pressure  of  other  fluids  +  250  mbar 


SECTION  2-2  -  DEFINITION  OF  ENGINE 

Engines  will  be  equipped  only  with  such  auxiliary  equipment 
as  is  strictly  essential  to  their  operation  (see  table  of  auxiliary  equip¬ 
ment  at  Annex  A). 


SECTION  2-3  -  PERFORMANCE  TEST 

The  performance  test  maximum  load  curve  will  be  slotted  from 
measurements  taken  at  a  minimum  of  five  speed  settings,  one  of  these 
settings  being  the  rated  speed. 

For  each  setting,  the  engine  should  be  run  for  a  sufficient  time 
to  allow  the  operating  parameters  to  stabilize. 

Part-load  data  is  to  be  recorded  at  the  same  pre-selected  speeds 
as  was  used  for  the  full-load  test.  The  part  loads  for  each  speed  point 
are  to  be  calculated  at  least  for  85  %,  70  %,  50  %  and  25  %  fcf  the  full 
load  at  the  given  speed. 

During  this  test,  the  smoke  emission  as  measured  on  the  Robert 
BOSCH  Scale  shall  not  exceed/i-.5. 

No  correction  factor  will  be  applied  and  the  test  results  must 
include  air  temperature  and  atmospheric  pressure. 

The  inlet  temperature  shall  be  maintained  as  close  as  possible 

to  25  *C. 


SECTION  2-4  -  ENDURANCE  TEST 

2.4.1.  The  endurance  test  duration  is  400  hours,  divided  into  four 
periods  of  100  hours  each.  At  the  completion  of  each  period, 
the  engine  shall  be  submitted  to  a  full-load  performance  check. 

During  the  endurance  test,  the  inlet  temperature  will  be  kept 
as  near  as  possible  to  25°  C  or,  when  this  is  not  practical, 
prevailing  ambient. 
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2.4.2.  Normal  maintenance  and  adjustment  will  be  permissible  after 
each  100  hour  test  period. 

2.4.3.  Engine  oil  and  filters  may  be  changed  after  each  100  hour 
period. 


2.4.4.  The  four  100  hour  periods  which  make-up  the  endurance  test 
are  to  be  carried  out  with  the  fuel  and  lubricant  defined  in 
•  Chapter  3. 


2.4.5.  Each  100  hour  period  is  to  comprise  ten  10  hour  cycles.  Each 
.  10  hour  cycle  will  be  carried  out  in  accordance  with  the  pro¬ 

gramme  (section  2.5). 


2.4.6.  Data  will  be  recorded  during  the  last  five  minutes  of  each  of 
the  sub-cycles  included  in  the  basic  10-hour  cycle,  with  the 
exception  of  sub-cycles  3,  4,  7,  8,  10,  11. 


2.4.7.  No  interruptions  are  permitted  during  anv  of  the  sub-cycles, 
but  the  engine  may  be  switched  off  on  completion  of  any  sub¬ 
cycle. 


2.4.8.  One-hundred  percent  power  (load)  will  be  governed  by  maximum 
fuel  control  setting,  not  adjusted  to  published  maximum  power. 
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SECTION  2-5  -  PROGRAMME  OF  10  HOUR  CYCLE 


Rated  Load  %  I  Duration  (hours) 


At  least  5  times  during  each  100  hour  period,  the  engine  will  be  shut 
.  down  for  a  minimum  of  S  hours. 

(1)  Manufacturer’s  published  idle  or  as  specified  by  vehicle  installation. 


ANNEX 


DETAILS  OF  PRODUCTION  AUXILIARY  EQUIPMENT 


Inlet  System 

Air  Filter  System 

Inlet  Silencer 

Optional 

Exhaust  System 

Piping 

Silencer 

Exhaust  Pipes 

Test  Bench  Equipment 

Fuel  Feed  Pump 

t 

Optional  | 

j 

Fuel  Injection  Equipment 

Prefilter 

Filter 

Yes,  or  test  bench  equipment  | 

Electrical  Equipment 

*  If  necessary 

ANNEX  B 


INFORMATION  TO  BE  INCLUDED 
IN  TEST  REPORT 


A  complete  reDort  covering  all  the  tests,  servicing,  maintenance, 
rectification  of  faults  and  the  condition  of  the  engine  at  the  strip  exami¬ 
nation  including  the  measurements  of  the  principal  wearing  parts  will 
be  compiled. 


The  report  will  also  include  the  following  : 


1.  A  statement  of  the  build  standard  of  the  engine,  with  drawings 
and  a  parts  list. 

2.  Photographs  of  the  engine  from  four  different  views. 

3.  Photographs  of  the  test  installation  at  least  four  different  views. 

4.  A  list  of  equipment  fitted  to  the  engine. 

5.  Sample  test  sheets  and  a  summary  with  a  list  of  faults  and  the 
.  remedial  action  taken. 

6.  An  engine  condition  reocrt  at  end  of  test  with  photoaraohs  of 
the  condition  of  major  parts  such  as  combustion  chamber,  com¬ 
pressor  wheels  and  diffusers,  turbine  wheels  and  nozzles,  re¬ 
duction  gear  with  any  other  components  of  interest. 

7.  A  history  chart  of  lubricating  oil  used  during  the  endurance 
tests. 

8.  Analysis  of  new  and  used  lubricating  oil,  the  latter  to  be  taken 
at  approximately  100  hours  intervals. 

9.  Fuel  analysis.  _  ' 

10.  Any  other  relevant  data. 
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SCHEMATIC  DIAGRAM 


:  embiente  temperatu re  and  preaslon 
t  temperature  and  preaslon  after  filter 
t  ■  *  after  compressor 

t  ■  ■  .  after  heater 

t  *  ■  after  combustion  chamber 

i  *  ■  after  flee  turbine  - 

t  "  *  after  power  turbine 

t  exhaust  gas  temperature  and  pression 


HEATER  COMBUSTION 

CHAMBER 


FILTER  COMPRESSOR  FREE  TURBINE  POWER  TURBINE 


tO  and  pO 
tl  and  pi 
t2  and  p2 
t2*  and  p2* 
t3  and  p3 
t3*  and  p3' 
t4  and  p4 
t4'  and  p4T 


air 

gas 
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CHAPTER  1 

PURPOSE  AND  APPLICABILITY 


SECTION  1-1  -  PURPOSE 


The  purpose  of  this  document  is  to  define  a  test  method  and 
standard  conditions  to  enable  all  NATO  countries  to  conduct  tests  using 
an  identical  method  or  to  analyse  the  tests  conducted  in  the  laboratories 
of  other  NATO  countries  on  the  basis  of  this  method. 

The  method  described  below  is  independent  of  existing  national 
test  methods,  which  may  be  used  for  supplementary  testing. 

When  an  engine  has  met  the  requirements  of  the  tests  under  the 
present  code,  its  power  rating  should  be  indicated  as  follows  :  "Power 
rating  ....  Kw  (...  metric  HP)  at  ....  r.p.ra.,  in  accordance  with  NATO 
code  AEP  5.  Edition  June  1980". 


SECTION  1-2  -  APPLICABILITY 

These  test  conditions  apply  to  all  service  vehicle  {combat  and 
transport)  propulsion  Diesel  and  gasoline  engines. 

NOTE  :  SI  units  will  be  used. 


CHAPTER  2 
TEST  REQUIREMENTS 


SECTION  2-1  -  GENERAL  COMPOSITION  AND  ORDER  OF  TEST 

2.1.1.  Engine  reception. 

Running-in  in  accordance  with  manufacturer's  instructions. 
Performance  test,  complete  (full  and  part  loads). 

Endurance  test. 

Performance  test,  complete  {full  and  part  loads). 

Disassembly,  inspection  and  measurement. 

Report.  •  •  ‘ 

NOTES  :  (1)  Engine  measurements  may  be  carried  out  before  running-in. 

•  (2)  The  manufacturer  is  responsible  fcr  defining  the  running- 

in  programme  and  the  engine  should  have  been  run-in  before 
it  is  submitted  fcr  testing. 
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(3)  In  so  far  as  possible,  the  manufacturer's  drawings  and* 
technical  data  will  be  supplied  with  the  engine,  to  assist 
inspection  and  measurement  of  components. 

(4)  It  is  normal  practice  for  the  engine  to  be  given  a  prelimi¬ 
nary  performance  test  immediately  after  receipt,  to  check 
acceptability. 

(5)  The  initial,  if  accomplished,  and  final  inspection  of  the 
engine  should  be  carried  out  by  the  same  inspection  team 
using  the  same  gauges. 


2.1.2.  During  performance  and  durability  testing,  the  following  varia¬ 
bles  will  be  monitored  : 

a  -  Main  values 

Torque  ^enSine  output  shaft) 

„  b  -  Ambient  conditions 

Temperature  of  ambient  air 
Atmospheric  pressure 
Humidity 

c  -  Air  and  gases 

Inlet  air  temperature 

Induction  or  cylinder  inlet  depression 

Inlet  air  flow  (performance  test  only) 

Air  temperature  and  pressure  in  the  inlet  manifold 
Exhaust  temperature 
Exhaust  back-pressure 

Gas  temperatures  at  points  influencing  fuel  control  (if  re¬ 
quired) 

d  -  Lubrication  and  cooling 

Oil  temperatures  and  pressures 

Temperatures  into  and  out  of  external  coolers 

Flow  rates  of  fluids  to  cooling  devices  external  to  the  engine 

(for  heat  rejection  calculations) 

Oil  consumption  (during  endurance  tests  only) 

e  -  Fuel 

Fuel  temperature 
Fuel  consumption 

t  -  Miscellaneous 
Blow-by 
Smoke  density 


2.1.3.  Regulated  parameters 

Outlet  liquid  coolant  temoeratures  : 

96*C  +  3®C 

Induction  depression  at  rated  power  : 

25  ±  5  l-*bar 

Exhaust  back  pressure  at  rated  power  : 

40  mbar  _+  5 

Fuel  temperature  at  injection  pump  inlet  : 
30*C  +  3*C 
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2.1.4.  TEST  CONDITIONS 

Measuring  is  to  be  done  in  normal  and  stable  operating  condi¬ 
tions  . 

The  temperature  of  the  air  entering  the  engine  (ambient  air) 
is  to  be  measured  at  a  maximum  distance  of  0,15  m  from  the 
air  filter  inlet  or,  if  there  is  no  filter,  0,15  m  from  the  air 
inlet  nozzle.  The  thermometer  or  thermocouple  must  be  protected 
against  heat  radiation  and  be  located  directly  in  the  air  jet. 
Testing  must  be  carried  out  in  an  adequate  number  of  positions 
to  give  a  representative  inlet  temperature. 

Once  an  output  speed  has  been  selected  for  measurement  purpo¬ 
ses,  its  value  must  not  vary  by  more  than  +  1  %  or  +  10  r.p.m. 
(whichever  of  these  limits  is  the  higher)  during  measurement.  . 

The  readings  for  brake  load,  fuel  consumption  and  inlet  air 
temperature  are  to  be  taken  simultaneously,  the  value  recorded 
•being  the  average  of  two  stabilized  results,  obtained  in  succes¬ 
sion  with  brake  load  and  fuel  consumption  differing  by  less 
than  2  %.  .  ■ 

When  a  device  fitted  with  an  automatic  starting  system  is  used 
for  measuring  speed  and  consumption,  the  duration  of  measure¬ 
ment  must  be  at  least  30  seconds  ;  if  the  measuring  device  is 
manually  operated,  the  duration  must  be  at  least  60  seconds. 

The  exhaust  gas  outlet  temperature  must  be  measured  at  a  point 
downstream  and  less  than  100  mm  from  the  flange  (s)  of  the 
exhaust  manifold  (s). 

Lubricant  temperature  is  to  be  measured  at  the  inlet  and  outlet 
of  the  heat  exchanger  if  there  is  one.  Otherwise  it  must  be  take 
preferably  in  the  lubrication  system,  or,  failing  this,  in  the 
crank  case.  The  measuring  point  will  be  specified  in  the  test 
report. 

Fuel  temperature  must  be  read  at  the  injection  pump  inlet,  or 
carburettor  inlet. 

Cooling  condition  for  air  cooled  engine  will  be  in  accordance 
with  manufacturers  specification. 

Auxiliary  power  take-offs' may  be  loaded  and  mesured  if  desired 


2.1.5.  MEASUREMENT  ACCURACY 

-  TORQUE 

The  torque  must  be  accurate  within  +  0,5  %  of  the  highest 
value  to  be  measured.  "" 

-  OUTPUT  SPEED 

Measurement  must  be  accurate  to  within  +  0,5  %. 

-  FUEL  CONSUMPTION 

+  1  %  for  all  apparatus  used. 
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-  TEMPERATURES 


Intake  air  _+  1*C. 

-  PRESSURE 

Atmospheric  pressure  +  0.7  mbar 
Air  and  gas  pressure  +  50  mbar 

Induction  and  exhaust” pressure  and  depression  _+  0,250  mbar 
Pressure  of  other  fluids  +  250  mbar  “ 


SECTION  2-2  -  DEFINITION  OF  ENGINE 

Engines  will  be  equipped  only  with  such  auxiliary  equipment 
as  is  strictly  essential  to  their  operation  (see  table  of  auxiliary  equip- 
ment  at  Annex  A) . 


SECTION  2-3  -  PERFORMANCE  TEST 

The  performance  test  maximum  load  curve  will  be  plotted  from 
measurements  taken  at  a  minimum  of  five  speed  settings,  the  fifth  setting 
being  the  rated  speed. 

For  each  setting,  the  engine  should  be  run  for  a  sufficient  time 
to  allow  the  operating  parameters  to  stabilize. 

Part-load  data  is  to  be  recorded  at  the  same  pre-selected  speed 
as  was  used  for  the  full-load  test.  The  part  loads  for  each  speed  point 
are  to  be  calculated  at  least  for  85  %,  70  %,  50  %  and  25  %  of  the  full 
load  at  the  given  speed. 

During  this  test,  the  smoke  emission  as  measured  on  the  Robert 
BOSCH  Scale  (or  equivalent)  shall  not  exceed  flr.5. 

No  correction  factor  will  be  applied  and  the  test  results  must 
include  air  temperature  and  atmospheric  pressure. 

The  inlet  air  temperature  shall  be  maintained  as  close  as  possi¬ 
ble  to  25°C. 


SECTION  2-4  -  ENDURANCE  TEST 

2.4.1.  The  endurance  test  duration  is  400  hours,  divided  into  four 
periods  of  100  hours  each.  At  the  completion  of  each  period, 
the  engine  shall  be  submitted  to  a  full-load  performance  check. 
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2.4.2. 

2.4.3. 

2.4.4. 
# 

2.4.5. 

2.4.6. 

2.4.7. 

2.4.8. 

2.4.9. 


Normal  maintenance  and  adjustment  vill  be  permissible  after 
each  100  hour  test  period. 


Engine  oil  and  filters  shall  be  changed  after  each  100  hour 
period. 


The  coolant  outlet  temperature  is  to  be  held  at  96#C  +  3°C  or 
a  higher  temperature  if  proposed  by  the  manufacturer.  The 
coolant  is  to  be  water  plus  antifreeze  in  egal  volume. 


The  engine  oil  temperature  is  to  be  measured  in  the  lubrication 
system.  The  temperature  measurement  location  shall  be  specified. 


The  four  100  hour  periods  which  make  up  the  endurance  test 
are  to  be  carried  out  with  the  reference  fuel  defined  in  Chap¬ 
ter  3. 


Each  100  hour  period  is  to  comprise  ten  10  hour  cycles.  Each 
10  hour  cycle  will  be  carried  out  in  accordance  with  the  pro¬ 
gramme  (section  2-5). 


Data  will  be  recorded  during  the  last  five  minutes  of  each  of 
the  sub-cycles  included  in  the  basic  10  hours  cycle,  with  the 
exception  of  sub-cycle  5. 


No  interruptions  are  permitted  during  any  of  the  sub-cycles, 
but  the  engine  may  be  switched  off  on  completion  of  any  sub¬ 
cycle. 


SECTION  2-5  -  PROGRAMME  OF  1C  HOUR  CYCLE 


%  Rated  Speed 

1 

%  Load  (3)  j 

Duration  in  hours 

IDLE 

0 

100 

100 

\ 

2 

6 

governed  speed  (1) 

0 

\ 

75 

100 

1 

idle  < - *  100 

Of—*  1 00 

4  MIN  6  MIN 

2 

60 

100  • 

\ 

IDLE 

0 

\ 

governed  speed  (2) 

70  (3) 

i  . 

Max  torque  speed 

100 

2 

60 

50  (3) 

i 

{ 

(1)  The  speed  shall  be  that  attained  vith  the  engine  at  full 
throttle  and  with  minimum  load  (residual  brake  load), 

(2)  The  speed  shall  be  the  steady  speed  of  the  engine  at  full 
throttle  and  70  %  load, 

(3)  Part  loads  (70  and  50  %)  shall  be  tak,en  from  the  initial  per 
formance  test. 


IrMl 
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CHAPTER  3 ' 

FUELS  AND  LUBRICANTS  AND  ANTIFREEZES 

301  Engines  are  to  be  tested  on  Reference  Fuels  and  Lubricants 

and  antifreezes  as  specified  by  the  relevant  NATO  Authority. 


CHAPTER  4 

. . V-X 

DEFINITION  OF  TEST  FAILURE 


A  major  failure  is  a  failure  of  any  part  or  component  of  the 
engine  assembly  that  leads  to  a  final  stoppage  of  the  test  or 
that  brings  about  as  loss  of  power  which  cannot  be  rectified 
to  give  at  least  95  %  of  rated  power. 

Any  major  failure  will  lead  to  termination  of  the  test  and  any 
retest  must  start  at  0  hour. 

Major  failures  and  corrective  action  are  to  be  reported  to  the 
proper  National  Authority. 


402  A  minor  failure  is  a  defect  which  leads  to  a  loss  of  power  or 

degradation  of  the  operation  of  the  engine  and  which  it  is  possi¬ 
ble  to  remedy  within  the  scope  of  normal  maintenance  and  ad¬ 
justment.  If  95  %  of  the  rated  power  cannot  be  obtained  after 
normal  maintenance  then  the  test  will  be  terminated.  The  minor 
failures  and  the  measures  taken  to  overcome  them  must  be  in-  . 

•  eluded  in  the  report. 


401 

I 


403  The  suitability  of  an  engine  for  NATO  AEP5  Approval  is  to  be 

the  responsibility  of  the  National  Authorities  after  completion 
of  the  400  hours  test  and  consideration  of  the  final  condition 
of  the  engine. 
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Liquid  cooling  equipment 

Radiator  ....... .....  [ 

Water  pump  . . . 

Thermostat  . . . . 

No 

Yes 

Yes 

Air  cooling  equipment  .. 

Streamlining . . . . . . 

Yes  " 

Blower  . . . . . 

Yes 

Temperature  regulating  device  ........ 

Yes 

Electrical  equipment . . . 

If  necessary 

Supercharging  equipment 

Compressor  driven  directly  or 

indirectly  by  the  engine  and/or 

exhaust  gas . . . . 

Yes 

Charge  cooler  . . 

Yes 

Cooling  pump  or  fan  . . . 

Yes 

1  (engine  driven) 

Device  for  regulating  flow  of 
cooling  fluid . * . 


Yes 


ANNEX  B 


INFORMATION  TO  BE  INCLUDED 
IN  TEST  REPORT 


A  complete  report  covering  all  the  tests,  servicing,  maintenance, 
rectification  of  faults  and  the  condition  of  the  engine  at  the  strip  exami¬ 
nation  including  the  measurements  of  the  principal  wearing  parts  will 
be  compiled. 


The  report  will  also  include  the  following  : 


1.  A  statement  of  the  build  standard  of  the  engine,  with  drawings 
and  a  parts  list. 

2.  Photographs  of  the  engine  from  four  different  views. 

3.  Photographs  of  the  test  installation  at  least  four  different  views. 

4.  A  list  of  equipment  fitted  to  the  engine. 

5.  Sample  test  sheets  and  a  summary  with  a  list  of  faults  and  the 
remedial  action  taken. 

Full  load  performance  data  will  be  show  in  the  format  indica¬ 
ted. 

• 

6.  An  engine  condition  report  at  er.d  of  test  with  photographs  of 
the  condition  of  major  parts  such  as  pistons,  bearings,  valves, 
camshafts,  crankshafts,  cylinder  bores  together  with  any  other 
components  of  interest. 

'7.  A  history  chart  of  lubricating  oil  used  during  the  endurance 

tests. 

8.  Analysis  of  new  and  used  lubricating  oil,  the  latter  to  be  taken 

at  approximately  100  hours  intervals.  , 

9.  Fuel  analysis. 

10.  Any  other  relevant  data.  -  J  :  * 


HEFMITION  0?  SHD31S 


tO  t  ambient  temperature 

pO  t  ambient  pressure 

n  s  engine  speed 

H  t  engine  torque 

P  t  output  power 

4 

poe/bmep:  brake  mean  effective  pressure 
Cs/bsfc  t  specific  •  fuel  consumption 

Qc  s  volume  of  fuel  per  injection 

qm  t  mass  fuel  flow  per  hour 

tH  t  oil  temperature 

PH  *  oil  pressure 

te  t  coolant  .temperature  into  engine 

ts  t  coolant  temperature  out  of  engine 


•  tl  I  air  temperature  after 

filter  (or  compressor  inlet) 

•  pO  -  pi  t  inlet  depression 

•  t2  t  compressor  discharge  tempera¬ 

ture 

•  p2  t  compressor  dLscferge  pressure 

.  t2'  lair  temperature  after  charge 
cooler 

•  '  p2  -p2'i  pressure  of  across  charge 

cooler 

.  t3  *  exhaust  gaz  temperature 
(turbine  inlet) 

.  p3  *  exhaust  gaz  pressure 

(turbine  inlet) 

.  t4  *  turbine  discharge  temperature 
p4  -  pO  *  Exhaust  back  pressure 


APPENDIX  E 

LUBE  OIL  SPECTROGRAPHIC  ANALYSIS 


i 

* 


i 

$ 

i 

h 

{ 

i 

\ 

i 

I 


i 

■» 

f 

i 


E-l 


OIL  ANALYSIS  REQUEST 


KEYPUNCH 

CODE 


,L analysis lab  Cumberland  STSGP-PE 


a >o* command  tacom,  Warren,  MI  48090 


OPERATING  ACTIVITY  (Include  ZIP  Code/APO)  DOHAAO 

DRSTA-RGRD  Mr.  R.  Rimpela 
VJarren,  Michigan  48090  'AVN: 


EUU,PwctiTmSi°i?ILm-903  Engine 


EQUIPMENT  SEP.  NO. 


END  ITEM  MOOEL/HULL  NO. 


EN n  ITEM  SEP.  NO./EIC 


DATE  SAMPLE  TAKEN  (XJkiy.  Mo  ,  Yr)  LOCAL  TIME  SAMPLE 

TAKEN 


Mouns/Mii.es  since  overhaul 

400  Hour  NATO  Test 


tlOl)l>>'M!tF.>.  >INCC  OIL  CH*WE 


(KASOIFOS  iAMPU  L*.  TtsT  OTKIK  - 

O  *OUTI?J*  O  R*OU**T  D  CCLL  D  ISprtifyt  I 


CIL  ADOFO  SINCE  CAST  SAMPLE  (Pti,  QtS,  (iuls)  j-  ,  i 


ACT'ON  TAKEN 


HOW 


HOW  FOUNO 


Q  LAB  REQUEST  Q  AIR  OR  GROUND  ( 


HOW  TAKEN  SAMPLE  TEMPERATURE 

n  D-.AIN  Cl  TUP*  'tgf  MOT  Cl  COLO 


i  remarks  Oil  sample  spec Orographic  analysis  is  require 
lor  NATO  400  hour  tests .  Samples  will  be  taken  every 
25  hours.  Complete  oil  change  after  every  100  hours 
of  endurance.  2 j ^  /’  ' 


FUR  LA H  USF  ONLY 


SAMPLE  RESPONSE  TIME 


MG  SCSI  Nl  S»-«1 

2o?  J 


AL  *»•**] 

o  i 

Ctt  50-52 

c 

SN  *1*70 

J? 

Tl  71-73 

o 

LAB  RECOMMENDATION 


PILE  MAINT 

7t 


DATA  cro 

»0 


00  I  NOV  77  2026  PREVIOUS  EDITION  WILL  BE  USED 

/  * 


E-2 


OIL  ANALYSIS  REQUEST 


TO  oil  analysis  las  j,jew  Cumberland  STSGP-PE 


P  major  command  XACOM,  Warren,  MI  48090 

p  mm  . . . . . — . .  ■  ■■■  — ■ ■■■■ ■■■—  -  — ■ 

n  OPERATING  ACTIVITY  (Include  ZIP  Code/APO >  DOHA  AD 

M  DRSTA-RGRD  Mr.  R.  Rimpela 
Warren,  Michigan  48090  A VII: 


tQU,'MttM?iLm-903  Engine 


EQUIPMENT  SER.  NO. 


END  ITEM  MODEL/HULL  NO. 


END  ITEM  SER.  NO./EIC 


DATE.  SAMPLE  TAKEN  (Day,  Mo  .  Yr)  I  LOCAL  TIME  SAMPLE 

I  TAKEN 


,,w"tibEeEr«st 


HOURS/MILES  SINCE  OIL  CHANCE 


KEYPUNCH 

CODE 


ii 


REASON  FOR  SAMPLE  kA» 


C  routine 


Q  wEoutsY  □  eru.  □ 


I  DISCREPANT  ITEM 

I 


I  HOW  MALFUNCTIONED 


HOW  FOUND 


Q  LAB  REQUEST  Q  AIR  OR  GROUND  CREW 


HOW  TAKEN  SAMPLE  TEMPERATURE 

Cl  DWAIN  □  TUM  'ViJ  HOT  D  COI.O 


remarks  Oil  sample  spectrograpnic  analysis  is  require 
for  NATO  400  hour  tests.  Samples  will  be  taken  every 
25  hours.  Complete  oil  change  after  every  100  hours 
of  endurance. 


FOR  LAR  USE  ONLY 


SAMPLE  RESPONSE  TIME 


CU  Sl-SS 

Z 


S  H  ••■70  Tl  7I-7J  MO  74-7S 

j/  I  O  O  J 


LAS  RECOMMENDATION 


SAMPLE  NO. 


SIGNATUHE 


t  £ 


FILE  MAINT 

7t 


DO  i  HOV  77  2026  PREVIOUS  EDITION  WILL  BE  USED 

*  r  ■ 


DATA  SEQ 

•0 


E-3 


OIL  ANALYSIS  REQUEST 


KEYPUNCH 

CODE 


TO  Ioil  analvsislas  ijew  Cumberland  STSCP-PE 


F  command  TACOM,' Warren,  MI  48090 

R  - - - - - 

O  OPERATING  ACTIVITY  (IneluJ.-  Zir  Cojr/Apni  I'OtiAAU 

ivj  ‘  DRSTA-RGRD  Mr.  R.  Rimpela 


j  Warren .  Michigan  48090  AVN :  .786-0 


rqu,,,MtS^f5Ium-903  Engine 


EQUIPMENT  SEP.  NO. 


END  ITEM  MODE L/HULL  NO. 


r.NOITr.M  5EH.  NO./EIC  | 

OATt  SAMPLE  TAKEN  (Uay.  Mo  ,  Yt)  LOCAL  TIME  SAMPLE 

TAKEN 

21-74 

HOURS /MlLt'S 'SINCE  OVERHAUL 

400  Hour  NATO  Test 

7S-2* 

HOURS/MILCS  SINCE  OIL  CHANGE 

JO-33 

FOR  SAMPLE  LA9  T1ST  OTmc* 

D  MOl/TI.'IC  □  ■IQUCfT  □  CCLL  Q  4? 

.3-4, 

p ! 

O'L  ADOFO  SINCE  CAST  SAMPLE  (Pts,  QtS.  Cal%) 


HOW  FOUND 


HOW  TAKEN 
Cl  p*A1N  0  TU»« 


Q  LA8  REQUEST  O  AIR  OR  GROUND  CHEW 


EHBm! 


pcmarks  Oil  sample  spectrographic  analysis  is  require 
for1  MATO  400  hour  tests.  Samples  will  be  taken  every 
25  hours.  Complete  oil  change  after  every  100  hours 
of  endurance.  Z~l  /  • 


EBEDSBPfflBBB 


SAMPLE  RESPONSE  TIME 


A  a  «*-**  AL  47-4*  CP  50-57  CU  '  53-55 

o  o  /  0  // 


SN  M-7©  Tt  71-73  MO  74-7$ 

//  O  Q 


l.AB  RECOMMENDATION 


SIGNATURE 


FILE  MAINT 

7» 


DATA  SEQ 
SO 


00  I  NOV  77  2026  PREVIOUS  EDITION  WILL  BE  USED 

.  r 


OIL  ANALYSIS  REQUEST 


KEYPUNCH 

CODE 


TO  on.  analysis  lab  n€W  Cumberland  STSGP-PE 

F  command  XACOM,  Warren,  Ml  480Q0  1  4 

R  - - - 

O  OPERATING  ACTIVITY  (Inclujr  ?.ir  Co<lr/APO)  $-10 

M  DliSTA-RGRD  Mr.  R.  Rimpeia  . 

!  Warren,  Michigan  48090  AVN :  7 _ 

j  ^^^^-903  Engine _ 

|  EQUIPMENT  SEP.  HO.  |$.J| 

END  ITEM  MOPE*.  ,-HULL  HO. 


ENO  ITEM  SEN.  NO./EIC 


|  OATC  SAMPLE  TAKEN  (|A»y,  •«■»..  »>)  LOCAL  TIME  SAMPLE 

[ _ taken _ 

1  MOURS/!.*ILf  S  SINCE  OVERHAUL 

I _ Aqojjcur  NATO  Teat  _ 

HOIJRS/MILIS  SINCE  OIL  CHANGE 

“'*WI  "OR  SAMPLE  LAa  t**T  OTHtH 

L*  ptniTirn  □  pfovetr  '  P  c;ll  O  J‘^pfcth'  ^ 

OH  AOOFOMNCC  LAST.iAMPLE.IPr.  QHJijU)  t_ 


HOW  MALFUNCTIONED 


mow  rouNo 


SAMPLE  TEMPERATURE 

'  fc^ioT  o  eeso 


TYPE  OIL 


Cl  LAO  REQUEST  O  AIR  OR  GROUND  Cwfc^jl 
HOW  TAKEN  SAMPLE  TEMPER ATURC  TYPE  OIL  /mi  _  «Ll 

Cl  OPA'N  Q  TV»F  '  b^lOT  n  CC'-D  _ wA-i/tmJQvl)  1 

remarks  Oil  sample  spectrographic  analysis  is  require* 
for  MATO  400  hour  tests.  Samples  will  be  taken  every 
25  hours.  Complete  oil  change  after  every  100  hours 
of  endurance. 

I- OR  LAB  USI:  ONLY  /  ^ 

SAMPLE  RESPONSE  TIME  JT-40 

PC  4I4]|AS  *M*  AL  47-4»  CR  S0-«  CU  ST-SS  MG  »»•*»  Nl  «•-«! 

A3\o  O  \/J  /£  9  V?  3 _ 

Vo  |  S'  I  o  I  o  I  O  | _ _ _ 

LAB  RECOMMENDATION  77-7* 


SAMPLE.  NO. 


SIGNATURE 


PILEMAINT  |  DATA  SEQ  j 
7*  I  BO  I 


DD  |  NOV  77  2026  PREVIOUS  EDITION  WILL  BE  USED 


E-5 


E-6 


OIL  ANALYSIS  REQUEST 


TO 


F 

R 

O 

M 


o»L  analysis  LAD  Hew  Cumberland  STSGE-FE 


MAJOR  COMMAND 


TACOM,  Warren,  MI  4S090 


KEYPUNCH 

CODE 


t-1 


DTE  HATING  ACTIVITY  (Includf  ZIP  Code/ AFO)  DOHA  At) 

D ! < S T A — I ! G F D  Mr.  R.  Riropela 

Warren,  M.chl.^an  48090  flVN;  786-8'S?3 


S10 


EQUiPMt.N  r  MOPCt  JAPV 

cummins  viA-903  Engint 


T.  G  U I  Kf  4  f.  H7i§.  A  "f  <©;, 

— — r_:_ 


15-20 


^tip  l I  ^M^MOCjayHULL  NO. 


11 V*  Vr> 


LOCAL  TIME.  SAMPLE 
TAKEN 


21-24 


HOURS/MI*  i$  SINCE  OVniHAUl 

;-u0  hour  NATO  Test 


25*2* 


HOUAS/M!LEf»  SINCE  OIL  CHANGE 


»»PAi5*<  rOR5AM?Lr  LA* 
U  ACMIfiNt  n 


Cl  ct*I.  0  po 


OH  ADDED  SI'ICE  CAST  SAMPLE  (Pit.  Qtt ,  Caft) 


IOjJJI 

— H- 


ACTION  ' 


wmgr  33JL  SJkti&z 

'  kin  ji  it  ai  n  'Mrtinur  pi  ' 


T MO^  MALPUNCTIONCfL-  ^ 

}  far  EjJzL 


MOW  TOUNO 


O  LAB  REQUEST  □  AIR  OR  GROUND  CREW 


HOW  TAKEN  j  SAMPLE  T  EMPER  AT  URE 
H  QIBAIN  O  TUQf  [  2%  HOT  □  COI  O 


remarks  Oil  sample  spectrograohic  analysis  is  require 
for  NAi'O  400  hour  tests.  Samples  will  be  taken  every 
25  hours.  Complete  oil  change  after  every  100  hours 


of  endurance. 


l-OK  LAR  US!-:  < 

)NL  V 

SAMPLE  RtfSfONSE  TIME 
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APPENDIX  F  -  Photographs 


P-1 


ENGINE  TEST  SET-UP,  LEFT  REAR 


F-2 


PISTON  -  SECTIONED  TO  DISPLAY  PIN 
BORE  CRACKS 


PISTON  PIN  -  TYPICAL  APPEARANCE  -  NO 
VISIBLE  WEAR 
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CRANKSHAFT  -MAIN  AND  ROD  JOURNALS 
EXCELLENT  CONDITION 


F-10 


ROD  BEARINGS  -  NO  OVERLAY  BREAKTHROUGH 


ENGINE  BLOCK  -  TOP  VIEW  WITH  LINERS  - 
EXECELLENT  CONDITION 


ENGINE  BLOCK  -  BOTTOM  VIEW  WITH  LINERS  - 
EXCELLENT  CONDITIONS  F-12 


CONNECTING  ROD  BUSHING 
APPEARANCE 


TYPICAL  GOOD 


F-13 


im 


TORSIONAL  VIBRATION  DAMPER  -  ELASTOMER  . 
FATIGUE 


OIL  PICKUP  TUBE  FAILURE 


F-15 


CAMSHAFT  -  LOBES  AND  BEARING  SURFACES 
IN  EXCELLENT  CONDITION. 


TRANSMISSION  OIL  COOLER  SUPPORT 

BRACKET  SHOWING  BROKEN  TAB  FROM  OIL  p-17 

COOLER 


TYPICAL  INTAKE  VALVES  -  CLEAN  -  NO 
EVIDENCE  OF  STRESS 


TYPICAL  EXHAUST  VALVES  -  CLEAN  -NO 
EVIDENCE  OF  STRESS 


F-18 


* 


APPENDIX  G 

DIMENSIONAL  INSPECTION  SHEETS 


G-1 


f-Ptsr 


•/V  P;  N  QcQtT 

OQ. 


DATE 

7  Sep  83 

SHEET  OF 

ENGINE  NO. 

WORK  ORDER 

Cummins  VTA-903 

RZ610133 

RECORDED  BY 

CHECKED  BY 

DRSTA-QAA 

G.  GREMB0S 

piston  pin  a 6 tie  iTApen  imj-.p/a 


.0002 


.0001 


1.7495 


8ii  1-7498  to  1.7498 


.0003  bft|  .0003 


ISI 

PI 

111 

m 


.0004 


1.7491 


1.7492  ftl  1.7492 


1.7491  |#l  1.7491 


.0000 


.0000  <4  .0001 


1.7492  M  1.7492 


1.7494  W  1.7494 


1.7492  \8i  1 . 7494 


0 


.0002 


NOTE:  Pistons  numbered  2,  3,  4,  5,  6  and  7  show  visual  signs  of  cracks  in  the  upper 


half  of  the  wrist  pin  bores.  A  liquid  penetrant  inspection  performed  gives  a 
relative  indication  of  the  discontinuities  present  in  the  above  discribed  pistons. 


r 


CONNECT  ISLO  ROD  REAR  I  HO  SHELL  THICh'HESS 


DATE 

12  Sep  83 

SHEET  '  OF 

ENGINE  NO. 

Cummins  VTA -9 03 

WORK  ORDER 

RECORDED  BY 

DRSTA-QAA 

CunK. 

UPPER  HALF 

conn.  LOWER  HALF 

ROD 

HO .. 

LOC. 

FRONT 

REAR 

TAPER 

WEAR 

ROD 

NO. 

LOC. 

FRONT 

REAR 

TAPER 

WEAR 

A 

.0938 

.0937 

.0001 

1 

a 

.0935 

.0937 

.0002 

1  1 

B 

.0935 

.0931 

.0004 

e 

.0941 

.0941 

.0000 

m 

.0940 

.0940 

.0000 

.0932 

.0935 

.0003 

1 

2 

I 

.0938 

.0938 

.0000 

1 

IK 

.0933 

.0935 

-.0002 

IS 

.0932 

.0932 

.0000 

D 

.0940 

.0942 

.0002 

• 

c 

.0934 

.0937 

.0938 

.0938 

.0000 

3 

.0935 

.0935 

.0000 

a 

.0935 

.0935 

.0000 

D 

.0935 

.0935 

.0000 

B 

.0940 

.0940 

.0000 

k 

C 

.0935 

.0935 

.0000 

c 

.0938 

.0940 

.0002 

■ 

B 

.0938 

.0938 

.0000 

gUBHp 

1 

a 

.0935 

.0935 

.0000 

H 

.0933 

.0935 

.0002 

pnPM 

B 

.0940 

.0940 

.0000 

c 

.0935 

.0937 

.0002 

PPPB 

a 

.0938 

.0938 

.0000 

5  ! 

i 

A 

.0937 

S3 

.0001 

B 

.0938 

.0935 

.0003 

& 

.0932 

.0003 

B 

.0942 

.0942 

.0000 

C 

.0940 

.0938 

.0002 

c 

.0935 

.0935 

.0000 

. | 

6  ! 

A 

.0930 

.0930 

.0000 

fjflSFUl 

■ 

A 

.0935 

.0940 

Li 

.0932 

.0000 

1 

B 

.0940 

.0940 

.0000 

'  . 

m 

.0934 

.0935 

.0001- 

1 

■ 

B 

.0936 

.0936 

.0000 

■ 

TAC  FORM 
22  ,|JL  60  v> 


DETROIT  ARSENAL  • 
center  UNE,  MICHIGAN 


CONNECTING  ROD  BEARING  SHELL  THICKNESS 


DATE 

12  Sep  83 

SHEET  '  OF 

ENGINE  no. 

Cummins  VTA-903 

WORK  ORDER 

RECORDED  BY 

DRSTA-QAA 

CHECKED  BY 

D.  Melanshek 

UPPER  HALF 


LOWER  HALF 


NC  LOC.  front 


A  .0935 
7  b  .0934 
c  .0940 


8  l..“ 

I  c  I  .0940 


.0935 

.0000 

.0934 

.0000 

.0940 

.0000 

.0935 

.0002 

.0942 

.0000 

.0940 

.0000 

FRONT 

REAR 

TAPER 

.0935 

.0935 

.0000 

.0942 

.0942 

.0000 

.0938 

.0938 

.0000 

-0935 

.0937 

.0002 

.0935 

.0935 

.0000 

.0935 

.0938 

.0003 

jsssasss 


0 


DETROIT  ARSENAL  . 
CENTER  LINE.  MICHIGAN 


bm~  ■  --  — 

10  Sup  33 


t KG  IKE  HO. 

Cummins  VTA-903 


RECORDED  fiY 

DRSTA-QAA 


million 

- 

l 

'i 

A VC.  01  A.  j 

1.7512 

1.7512 

.0000 

1.7512  f 

1.7510 

1.7512 

.0002 

J.J5J1  [ 

flb*c“"js  I  noV 


.0002 


.0000  I  .0002 


1.7516  1.7516  .0000  1.7516 


.0002 


1.7510 


1.7510 


. .0000 

1.7510  | 
1.7510  ! 
.0000 
T.  7510 
17/510 


1..Z5L6 

1.7512 
.0004 
177512 
1 .75 1.2 

_.oooo_ 

117512 

1.7512 

.0000 


1.7510 


1.7510 
.0000 
1 . 7510 
1.7510 
.0000 
1  -  7512 
1.7516 
.0004 

.U7512. 

.li.75.12_ 

.0000 

U7510 

1.7512 

_1°002 

177514 

1.7512 

.0002 


7513  ft 


j  .0000  1.7510 

|  .0000 

.0000  I  1.7510  J 
.0000  |  1.7510 
^0000  ! 

.0002  '  1.7511 

-  I 

.0006  : 1.7513 
.0004  ! 

:  —  j 

1.7534 
.0000  j  1.75.12 
.0004  ; 

.0002  \  1.7511 
.0000  I  1.7512 
_._0002 

.0002  1.7513 

..0000  1.7512 

.0002 


i  1.7511 

t  -  -  •  - 

! 1.7512 


3.3174  13.3174 
3.31/0  1  3 .71  ,'0 
3.3168  j  3.3 1 72 


3.3174 


3.3170 


3.3168 


.0006 


3.3178 


3.3170 


3.3172 


.0008 


3.3174 


3.3174 


3.3170 


.0004 


3.3174 


3.3164 


3.3172 


.0010 


AVC.  DIA 


3.3172  13.3174 

.0002  i 

3.3174  ; 3-3170 

.0004  I 

3.3170  j 3.3174 

_ _ j 

.'0004 

.0004  .0004 

.0000 

3.3172  |  3.3174  ' 

’.0002  1 

313174  j  3-3176 

. . . 

.0002  1 

3.3170  i  3.3172 

..0002  | 

.0004  j  .0004 

.0000  ! 

3.3172  3.3174 

.0002'"  | 

CONNECTING  ROD  BEARINGS 


1  »  1 » 

9  Sep  83 

SHEET  OF 

t.HGIttf  HC. 

Cummins  VTA-908 

LWO  NO . 

RZ610133 

RECORDED  BY 

DRSTA-QAA 

CHECKED  fit 

D.  Melanshek 

3.1299 

3.  1302 

.0005  ! 

.0010 

3. 1291 

3. 1292 

3. 1296 

3.1300  1 

.0006 


3.  1298 


3.  1298 


3.1294. 


SPEC.  6EAUNG  1.0 


TAPER 


.0 


.0003 


.0005 


.0001 


.0008  .0002 


3.  1296  .0002 

3.1298  ]  .0000 


3.1294  |  .0000 


Iinii 


3. 1294 


3. 1299 


3.1301  i  3.1299 


.0004 


3. 1294  3.1294 

3.1299  3.1304 


3.129 


3.  1298  3. 1302 


3 ._1 300  3.1 30 2 


.0005 


.0004 


.0004 


.0000 


3.1290 

3.1292  I  .0002 

3. 1296 

3.1298  1  .0002 

1  _  3. 1294 

i  "".0006 


3.1298  I  .0004 


.0006 


.0000 


3.1296  (3.1298  I  .0002 


3.1290  3.1294  .0004 


I  TDOOTT  .0005  I  .0000 


AVG,  DIA. 


J.J299_ 


3.1295 


3.1296 


3.1299 


3.1297 


3.1294 


3.1293 


St  EC.  bearing  i.d. 


BEAR  I NGr 


AVG.  01  A. 


to  km  ■  ■  |  am-  g 
12  Ju«  5 


f-/ 5  f  ^  G-6 


U  L  Tit  I  t  AHbtN  AL 
C  f  fl  T  E  H  UN'.,  M  |  c.,'  |  G*N 


THRUST  BEARING 


date 

12  Sep  83 


ENGINE  NO. 

Cummins  VTA-903 


RECORDED  NY 

DRSTA-QAA 


WORK  ORDER 


CHECKED  »Y  , 

D.  Melanshek • i 


Thick  . 


Tf*K»fc 


UPPER 

REAR 

.  . 1480 

.1510 

.  1490 

LOWER 

REAR 

.  1490 

.1515 

.1500 

UPPER 

FRONT 

.  1500 

.1515  ' 

.  1500 

*  LOWER 

FRONT 

.1495 

.1513 

.  1498 

SHEET 


OF 


PISTON  PIN  DIMENSION  CHECK 
(LAB.  SOP.) 


ENGINE  NO. 

*OPN  order 

Cummins  VTA-903 

RZ610133 

RECORDED  8Y 

CHECKED  a 

DRSTA-QAA 

G.  Grembos 

1 

PISTON  RING  THICK. H ESS 

AND  WIDTH 
(LAB.  SOP.) 

DATE 

12  Sep  83 

SHEET  Or 

ENGINE  NO. 

Cummins  VTA-903 

WORK  OR  HER 

RZ610133 

i 

( 

\ 

i 

RECORDE  D  BY 

DRSTA-QAA 

CHECKED  BY 

G .  Grembos 

_ L 


CYLINDER  line./?  Y3TNTS 

DA  TC. 

13  Sep  83 

£as&/A/  £.  /VO 
Cummins  VTA-903 

RIGHT  BANK 

/iV  c 'OAi£l£.£J  &  Y 

DRSTA-QAA 

-S.S/£c 


■5  £ADAJ- 


I 


/A  GtA[  .f£A/  £>/ C  i/<L/1  SZ 
- -..  To  'TSVttfr 


To/=> 


A  5.4995 


I 

B\  5.5000 


.0005 


A  5.4993 


G\  5.5005 


.0012 


A  5.4991 

3  £}  5-5008 

O ^  .0017 


5.4999 


5.5004 


/^>-5  /  7*V  O 


z 

3 

5.4998 

5.4992 

5.5008 

5.5004 

.0010 

.0012 

5.4998 

5.4993 

5.5008 

5.5000 

.0010 

.0007 

5.5002 

5.4996 

5.5012 

5.4999 

.0010 

.0003 

5.5004 

5.4994 

5.5011 

5.4999 

.0007 

.0005 

.0005 

.0008  AVERAGE  DIA  =  5.4999 


.0011 

.0013  AVERAGE  DIA  =  5.5001 


.0012  AVERAGE  DIA  =  5-5001 


H 


gflggfe  ^  jBHMjJ  : 


C  YLt  K<  D£  fi*  L  f  N  E.  S? 

■ 

83c>  /? JE  S 

. 

LEFT  BANK 

p>a  re 

13  Sep  83 

■&//££  7~  O  F 

£*/&/*/£  A 'O 
Cummins  VTA-903 

Egg^gMKgHj | 

■EESHBBBBBI 

aazzasgaaaggia 

5.4992 


3  5.4999 


OR  .0007 


A  5. 4996 

6  8  5.5002 

OR  .0006 


5.4998 


z^&s  /y-/  o 


2 


5.5004 


5.5012 


.0008 


5.4998 


5.5008 


.0010 


5.5005 


3 


5.4994 


5.5001 


.0007 


5.4990 


5.4996 


.0006 


5.5000 


5.4996 


AVERAGE  DIA  =  5-5000 


AVERAGE  DIA  =  5.4998 


AVERAGE  DIA  =  5-5002 


HEE’ 


OF 


10  Sep  83 

l  Hu  I M  kf> .  WORK  ontuil 

Cummins  VTA-903  RZ610133 

«!  M  IS  I  V  CHf^KEC  or 

DRSTA-QAA  G .  GREMBOS 


i  ■  :  .* '  • 


jaU 

1  1  11  1  ■  •  — - 

10  Sep  83 

SHEET,  _  CF 

i  >  •.  1  ‘  i  •  ' . 

“JTork'obdcr 

Cummins  VTA-903 

RZ610133 

kf-citi  '>  TT 

OifCKO  BY 

DRSTA-QAA 

G.  Grembos 

I 


i 


y'  iWH*ii >nn  .« r  mi>  in  }wi\ i  r  ii»fl/i*i }Mwr  in whumi iri>ii»rf  -Trnfmfr i •  r-n  wwiMyifara-w r 


CRANKSKA FI  JOUSHAL  AMD  CRAHKP : K . D I AMETER3 

(LAB.  SOP.) 


ENGINE  NO. 

Cummins  VTA-903 


GtCOKOlO  bl 
DRSTA-QAA 


CHECKED  BY 

G.  Furton 


TACfOMI 


6-14 


ORTNOIT  ARSENAL 
fcF.NttR  L  Ittt,  M|CHI  0 


CONNECT  I H  Q  ROD  BEAR  I  NO  SHELL  THICKNESS 


DATE 

6  Sep  83 


ENGINE  NO. 

Cummins  VTA-903 


RECORDED  BY 

DRSTA-QAA 


WORK  ORDER 

RZ610133 


OOnlv. 

ROD 

HO. 


UPPER  HALF 


FRONT 

REAR 

TAPER 

.1540 

.1540 

.0000 

.1545 

.1544 

.0001 

.1530 

.1535 

.0005 

.1535 

..1535 

.0000 

.1545 

.1543 

.0002 

.1531 

.1535 

.0004 

.1537 

.1535 

.0002 

.1542 

.  1540 

.0002 

.1533 

.1533 

.0000 

.1532 

.1532 

.0000 

.1543 

.1541 

.0002 

.1538 

.1538 

.0000 

.1535 

.1535 

j  .0000 

.1543 

.  1544 

.0001 

.1535 

.1535 

.0000 

UN.  _ 

3D 

3.  L0C- 


LOWER  HALF 


FRONT 

REAR 

TAPER 

.1538 

.1538 

.0000 

.1543 

.1543 

.0000 

.1536 

.1536 

.0000 

.1532 

.1535 

.0003 

.1542 

.  1542 

.0000 

.1536 

.1536 

.0000 

.1535 

.1535 

.0000. 

.1540 

.1540 

.0000 

.1536 

.1535 

.0001 

.1535 

'  .1535 

.0000 

.1538 

.1540 

!  .0002 

.1533 

.1535 

.0002 

.1534 

.1534 

.0000 

.1542 

.1542 

.0000 

.1536 

.1536 

.0000 

TAC  FOFVM 

.! ,  i f,Q  4 •>  J » > 


DETROIT  ARSENAL  • 
CENTER  LINE,  ill  CHI  can 


B 

j  .4500 

.4500 

.0000 

OP 

1  .0000 

.0000 

.0000 

A  j 

i  .4505 

.4502 

.0003 

« 

.4503 

.4503 

.0000 

of: 

.0002 

.0001 

. .0001 

.4503 


.4503 


.0000 


.4502 


.4502 


0 


.0003 


!  .4500 

.4501  ! 

1  .0000 

.0001  j 

!  .4506 

.4501  1 

.4505 

memm 

.0001 

.0000 

.4499 

.4499 

.4499 

.4499 

.0000 

.0000 

.4505 

.4505 

.4505 

.4505 

.0000 

.0000 

.4502 

.4502 

.4503 

.4501 

.0001 

MEEEUH 

.4504 

.4502 

.4504 

.4502 

■Rsm 

.0000 

.0002 


TAC  •  Of? M 

V?  AIJG  AO  45  IJ 


G-  16 


PC  TR  0  1 1  AHSENM 
C  L  N  1 1 II  LIN!  ,  MUHlP'N  • 


APPENDIX  H 

NATO  REQUIRED  DATA  SHEETS 
FULL  LOADS  AT  100  HOUR  INTERVALS 
PART  LOADS  AT  ENDURANCE  COMPLETION 


H-l 


_ _ _ 

ENGINE  Type:  H°:. 

Place  date: 

FULL  CHARGE  PERFORMANCES 

!NIT'tL  □  riSAL  ~ 

Reference : 

34.5 


998.9 


26 


387 


378 


11.8  • 


23' 


156.6 


82.6 


119 


3.91 


90.7 


94.2 


29.39 


OIL  type: 


kg/d»3  grade: . 


30.2 


BRAKE  type: 


Full  Load  at  0  Test  Hours 


30.1 


998.9 


2400 


1439 


362  . 


12.2 


223 


998.9 


2200 


1420 


327 


12.1 


7 


80.6 


118.2 


3.58 


90.9 


94.4 


30.16 


9.95 


144.4 


.173 


70.8 


116.7 


3.39 


90.98 


94.3 


0.23 


7.77 


29.87 


1.083 


•97.4 


30.01 


998.9 


2000 


1386 


290 


11.8 


218 


156.3 


63. 


1-15.7 


3.07 


92.1 


94.33 


29.9 


998.9 


800 


334 


5.45 


113.88 


.833 


94.8 


56 


114.5 


2.73 


91.2 


94.4 


29.95 


3.64 


97.6 


.634 


92.44 


651.1 


i  .032 


537 


.440 


595.4 


17.35 


2.42 


90.89 


94.55 


29.7 


2.46 


82.58 


.457 


90.7 


29.6 


998.9 


1400 


1151 


169 


9.8 


246  . 


146.1 


43.5 


112.5 


o 


[0 


89.55 


706.9 


.308 


634.8 


738.7 


ENGINE  Typ 


FULL  CHARGE  PERFORMANCES 

•INiT‘11  □  FiNAl  -"2 


Race  data 


Reference : 


FUEL:' 


Volume  mass: 


OIL  type-. 


kg/d*3!  grade: 


BRAKE  type: 


Full  Load  At  200  Test  Hours 


m 

H 


pQ 


1385.8 


377.2 


11.76’ 


12.15 


213.3 


171.1 


t/toifc  gAw  h 


a  I  oc  rnmL 


q«  I  »g/K 


230.5 


165.1 


87.03 


223.8  217.8 


165.9 


155.4 


219.6 


152.8 


227.5 


149.5 


125.5 


118.2 


117.8  !  I  116.5 


115.2 


114.1 


112.8 


111.2 


pH  fear 


90.04 


103.1 


136.3 


101 .2 


122.7 


1 .061 


•  97.6 


107.3 


76.5 


.466 


88.32 


24,25 


63.11 


621.3 


654.5 


BLOW -BY 


ENGINE  Type:  •  N°: . 

Place  date; 

FULL  CHARGE  PERFORMANCES 

INITIAL  □  riNAL  •  ~ 

# 

Reference : 

FUEL: 


Volume  mass: 


OIL  type: 


kj/d»J  q  rad  e : . 


28.5 


BRAKE  type: 


Full  Load  At  300  Hours 


to 


pO  afi<r 


29.9 


996.1 


29.4 


996.1 


2400 


996.1 


2203 


24.6 


996.1 


2000 


23.5 


996.1 


1801 


23.5 


996.1 


1601 


23.5 


996.1 


1400 


piM  I  bar 


1383.1 


376.6- 


359,6 


12.1 


225.7 


324 '.8 


12.0 


219.0 


1373.6 


287.6 


1327.5 


250.2 


1244.8 


‘208.6 


167.0 


11.3 


226.9 


10.6 


234.8 


EL  ~7T 


pH  |  bap 


233.0 


220.2 


125.1 


81.1 


124.0 


71.2 


121.8 


63.4 


120.0 


56.8 


118.7 


3. 


89.1 


92.6 


21.1 


5.9 


89.8 


.676 


89.2 


181.1 


49.0 


250.6 


177.1 


41.9 


117.6 


3.0 


88.9 


92.7 


21.1 


116.0 


2.5 


88.7 


92.6 


21.2 


3.6 


60.8 


.310 


85.3 


I  * 


89.0 


92.6 


25.8 


11.1 


126.2 


1.05 


97.0 


p2-pf 


27.1 


15/1 


152.3 


1.22 


103.7 


26.6 


13.6 


142.5 


1.19 


101.1 


106.2 


jj  m wr 

J  |p»-po| 

,  SMi  tmcn 


671.3 


1.18 


45.6’ 


647.3 


1.07 


631.4 


.859 


633.6 


.649 


661.3 


.464 


693.8 


.311 


619.0 


725.2 


.199 


654.5 


.299 


BLOW -BY 


ENGINE  Type: 


FUEL: 


Volume  mass: 


FULL  CHARGE  PERFORMANCES 

INITIAL  □  =!NAl  C3 


Place  date: 


Reference : 


OIL  type: 


kg/d«*  grade: 


BRAKE  type: 


Full  Load  At  400  Test  Hours 


26.0 


1002.8 


1405 


1 


69.6 


9.8 


240:3 


171.4 


114.4 


26.4 


1002.8 


1600 
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PERFORMANCES 
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ENGINE 


performances 


Part  Load  At  2300  RPM 
85%  ...  70% I 60% 


BlOW -BY 


H-12 


ENGINE 


PERFORMANCES 


Part  Load  At  2400  RPM 
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DISTRIBUTION  LIST 


Commander 

US  Army  Tank-Automotive  Command 
ATTN:  DRSTA-TSL 
Warren,  MI  48090 

Commander 

Defense  Technical  Information  Center 
Cameron  Station 
5010  Duke  Street 
Alexandria,  VA  22341 

Commander 

US  Army  Tank-Automotive  Command 
ATTN:  DRSTA-RGE 
Warren,  MI  48090 


Best  Available  Copy 


